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Abstract
The hfs of a K atom in a magnetic field H exhibits pairs of lines whose frequencies
differ by 2 goH, where gI is the nuclear gyromagnetic ratio and .o is the Bohr mag-
neton. The frequencies of such transitions in K and K were measured by means of
an atomic beam magnetic resonance method. If H is the same for all observations
gI(K40)/gI(K3 9 ) can be calculated directly. It was found that gI(K40)/gI(K3 9 ) = -1. 24346
+ 0. 00024. H may be calculated from the mean frequency of the K doublet by means
of the Breit-Rabi formula so that the value of LI(K 4 0 ) could be determined independently
of the above ratio. Thus, l(K4 0 ) = -1. 2964 + 0. 0004 nm. The hyperfine separation,
A&v, .of K40 was remeasured Av(K ) = 1285. 790 + 0. 007 Mc/sec. According to
the Fermi-Segre formula, w ~nsiders the nuclear magnetic moment as a point
dipole, the quantity 44
Av(K 3 9 ) gi(K ) 2I(K4 0 ) + 1
Av(K 4 0 ) gI(K 3 9 ) 2I(K 3 9) + 1
is unity. If, following Bohr and Weisskopf, the moment is considered distributed
over the nucleus the above expression will equal 1 + A, where A is a quantity which
depends on the structure of the K and K 3 9 nuclei. Experimentally was found
to be (0. 466 + 0. 019) percent. This is in good agreement with theory if the K4 0 nucleus
is considered as having an f7 / 2 neutron and a d3/ 2 proton moving in the field of an
asymmetric nuclear core.

THE MAGNETIC MOMENT AND HYPERFINE STRUCTURE ANOMALY OF K4 0
I. Introduction
The atomic nucleus is made up of protons and neutrons which have distinct and well-
known magnetic dipole moments associated with them. It is to be expected, therefore,
that the magnetic moment of the nucleus itself will give valuable information about the
laws of nuclear structure.
The nucleus is characterized by a nuclear magnetic moment and a spin angular
momentum of I. The interaction of the nuclear moment with the moment due to the
orbital electrons causes the ground state of an atom with electronic angular momentum
Jf = (1/2)fi to be split into two hyperfine levels characterized by total angular momen-
tum quantum numbers F = I + 1/2.
On the basis of the Dirac electron theory, Fermi (1) has calculated the energy sep-
aration between these two levels. His formula, known as the Fermi-Segre formula, for
an electronic S state is
8T 2I+ 1I m 2 0)
3 I "HO M
Where Bo is the Bohr magneton, Ij is the nuclear magnetic moment in nuclear
magnetons (nm), (O) is the normalized electronic wave function at the nucleus, and
m/M is the ratio of the electron mass to the mass of the proton.
If the nuclear moment is considered to be a point dipole and the subscripts 1 and 2
denote two isotopes of the same element then, since J(0O) will be identical for the two
isotopes,
Av(1) 2 1 + 1 g(l)
Av(2) 2I 2 + 1 gI(2)
where gI = -I/I is the nuclear g-factor.
Kopfermann (2) and Bitter (3) have pointed out that if the finite size of the nucleus
is taken into account, the Fermi-Segre formula must be modified and Av will depend on
the spatial distribution of the nuclear magnetic dipole. Bohr and Weisskopf turned this
theory into a quantitative one and showed how information about the structure of two
nuclei differing by two neutrons can be obtained if the ratio of their Av's and gI's have
been measured to sufficient accuracy (4, 5). Their theory successfully explained the
hfs anomaly observed in Rb 8 5 and Rb 8 7 by Bitter (6) and a similar anomaly in K 3 9 and
K41 reported by Kusch and co-workers (7).
The addition of one neutron to the K 9 nucleus is known to affect the structure of the
nucleus profoundly. K4 0 is known to have a nuclear spin of 4 and its magnetic moment
is the only negative one among the alkali nuclei measured to date. A comparison of the
gi-values for K 3 9 and K4 0 could therefore be expected to show up a considerable
anomaly of the type discussed above. The Av for K4 0 has been measured previously by
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Zacharias and others (8, 9), and the value of Av for K3 9 has been obtained by Kusch (10).
A direct measurement for I (K 40), however, had never been attempted, owing to the
small abundance for K4 0 (0. 01 percent of ordinary K) which mades the isotope unsuitable
for nuclear resonance absorption methods. It was therefore decided to measure the
ratio gI(K 4 0 )/gI(K3 9 ) by an atomic beam method.
The experiment also includes a direct measurement of 4rI(K 40 ) and a remeasurement
Av(K40 ).
II. The Atomic Beam Method
A. Energy Levels of an Atom in an External Field
The energy levels of the ground state of an atom in an external magnetic field are the
eigenvalues of the Hamiltonian ARC corresponding to all possible interactions between the
nucleus, the orbital electrons, and the applied magnetic field. In what follows we shall
restrict our attention to alkali atoms whose ground state configuration (S 1 / 2) excludes
interactions involving the nuclear electric quadrupole or higher order moments.
If perturbations due to neighboring fine structure levels are neglected (an excellent
approximation for K), then
,C = aI · J + go J H + g o I H.
The first term represents the dipole interaction of the nuclear and electronic magnetic
moments. The second and third terms represent the interaction of the applied field H
with the electronic and nuclear moments, respectively.
An atom characterized by quantum numbers I and J gives rise to quantum numbers
F which range in integral steps from F = II - JI to I + J. Each of these F-values has
magnetic quantum numbers m F associated with it which take on values from -F to F.
For the K4 0 atom I = 4, and J = 1/2. The possible F-values are 7/2 and 9/2. The
possible (F, mF) combinations are therefore 18 in number, and the secular determinant
of the matrix of YC is of order 18. The matrix elements required for the solution of
this secular equation are given in various places in the literature (11). They are diago-
nal in mF and since F can take on only two values the determinant can be broken up into
subdeterminants none of which are of order higher than two. A complete solution can
therefore be obtained by solving a number of quadratic equations. The energy levels of
an atom with J = 1/2 as a function of an applied magnetic field are then found to be
W = Av2I + x + x-w + g 1 2 + 1+ +x
F=I+2 , F 2(2 / +1) g-g 221+1
F'- 2 F 2(21+1) 9ig 1g 2 21+1
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where
(gj - gI) oH
hAv
This formula is usually referred to as the Breit-Rabi formula (12).
In the above discussion the (F, mF) representation was used to find the field depend-
ance of each energy level. This corresponds to low field-wave functions, for which F
and m F are good quantum numbers, being used as the fundamental set of wave functions.
The Breit-Rabi formula could equally well be derived by using the high field-wave
functions as the fundamental set. The good quantum numbers in the high field (or
Paschen-Bach) region are m I and mJ, which correspond to I and J being completely
decoupled.
Figures 1 and 2 show plots of the energy levels of the K3 9 and K 4 0 atoms in
magnetic fields ranging from the Zeeman region, x << 1, through a transition region,
x - 1, to the Paschen-Bach region x >> 1.
B. Transition Probabilities
The transition probability Ppq between two states p and q for an atom in a region
of a perturbing field H' was calculated by Feld and Lamb (11). Let IC ' be the perturbing
Hamiltonian. Then, assuming no interference from other transitions,
sin2 rt b - (v - p)
pq pq)b2 (v - vp )2 pq
where b is the matrix element of the perturbation, (p -' q), divided by i; t is the
pq
time spent in the perturbing field; and vpq is the resonance frequency.
At resonance and for small b
pq'
P = 2 t 2 b2
Pq pq
Now ' = g Lo J. H + gI ~o . H'.
The second term is usually negligible so that
2 2
2 t 2 gJ (I I2pq =Tr t 2 (PI q'
The necessary matrix elements are listed in Feld and Lamb's paper. They are pro-
portional to H' and depend on the orientation of H' relative to the constant field in the
transition region H. At high fields where most of the transitions used in this experi-
ment take place, Ppq is found to be of order unity when the perturbing field is of the
order of a few gauss. Such perturbing fields can be readily attained between two con-
ductors carrying rf currents of less than an ampere.
A more detailed discussion of transition probabilities would have to take into account
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the velocity distribution of the atoms in the beam and the possibility of an atom under-
going more than one transition while it is in the transition region.
C. The Transitions Used in This Experiment
The frequency corresponding to a transition between states m F = - 5/2 and
mF = - 7/2 in K4 0 is readily computed from the Breit-Rabi formula.
vu = [ 9 /2,- 5/2 - W 9 / 2 ,-7/2] 2
1 0 - - 1- 14
(I 9 X +x ) _ (l x+9
gI AVX
gJ - gI
and
VL =h [W 7 / 2 ,-5/2 - W7/2,-7/2 Av - )10 1 /2= 2 1 - -'x + x)9 - 14 x + x - ( _-x9
gI Avx
gJ - gI
The first and second subscript of W gives F and m F, respectively. It is seen that the
transitions belonging to the two F values are identical except for the nuclear term
which appears with opposite signs in v u and vL. The lines, therefore, constitute a
doublet whose separation is 2g I Avx/(gJ - gI) = 2g I .o H. If by some means H can be
measured, the doublet separation will yield the nuclear g-factor.
Figure 3 shows the mean frequency v = 1/2 (v U + vL) as a function of the external
magnetic field. The doublet separation is of the order of 0. 227x Mc/sec or approxi-
mately 4. 5 Mc/sec at a field of x = 20 (H = 9000 gauss approximately).
K 9 exhibits a pair of transitions similar to the one discussed above. This doublet
is given by
u h[W2 0 W2-1]= 2[(1 +x2 21/Z_ ( - gJ - I VXVu = i[2, 2W , 2- -1 -=
and
1 [(r + 21/2 2 11/2 gl AVX
VL = L L 0 - W, = [( + ) - (1 - x+x g - g
- - ~~~~~~~gJ - gI'
The field dependence of these transitions is shown in Fig. 4.
D. Observation of Transitions
The atomic beam apparatus as used in this experiment is a high resolution rf
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Fig. 5
Schematic representation of the atomic beam method.
spectrometer. The lines which can be measured by this method are limited by (a) the
selection rules governing transitions between the various energy levels and by (b) the
possibility of observing such transitions once they have occurred. In oraer to clarify
the second restriction, the principle of the atomic beam spectrometer will now be
discussed.
Figure 5 is a schematic representation of the apparatus. Atoms emerge from the
source with thermal velocities and a Maxwellian velocity distribution. By placing verti-
cal slits in the path of these atoms, they are collimated into a ribbon-shaped beam.
These atoms are electrically neutral and will therefore not be deflected by homogeneous
magnetic fields. In general they do, however, possess magnetic moments, so that
magnetic fields with sufficiently large gradients will deflect them.
The beam passes between the pole faces of two magnets, known as the A and B
magnets. The pole faces of each of these magnets are curved so that a horizontal field
with a horizontal gradient prevails between them. If the gradients of the A and B
magnets vHA and VHB are in the same direction, an atom with an effective magnetic
moment eff along the field will be deflected by a force Peff(A) VHA and IJeff(B) VHB
in the A and B fields, respectively, and as can be seen from Fig. 5, will not strike
the detector. A homogeneous magnetic field produced by the C magnet is interposed
between the A and B magnets. Superimposed on the C field is a rapidly oscillating
perturbing field which will, if it has the correct frequency, cause the atoms passing
through it to undergo transitions. If the transition is of such a nature that the atom in
its new state has a magnetic moment of opposite sign to the one it possessed in the A
field, the deflection it will suffer in the B field will be in the opposite direction to that
it suffered in the A field. Such atoms will strike the detector and are said to be refo-
cussed. The transition that occurred in the C field is then rendered observable by an
increase in the beam intensity at the detector. This type of transition is commonly
referred to as a "flop-in" transition. "Flop-out" transitions manifest themselves by a
decrease in beam intensity at the detector.
The basic condition for making a transition observable is then that the effective
moment in the B field be changed by the transition induced in the C field.
The Breit-Rabi formula gives the energy W(F, mF) of an atom in any particular
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state (F, mF) as a function of the field x. Its effective moment in the direction of the
field is
aw
'eff = ax'
The slope of the energy levels is then a measure of the effective moment.
It can readily be shown (13) that the condition for the refocusing of atoms is
1 2
eff(A ) VHA SC 2b + bd
4eff(B) VH B CD 12 + I I
2a ao
where
SC = distance from source to collimator
CD = distance from collimator to detector
I a = length of A field
lb = length of B field
I = distance from source-to-source end of A field
o
I d = distance from detector-to-detector end of B field.
The refocusing condition is seen to be independent of the velocity of the atoms. In the
present apparatus VHA = VHB and for most "flop-in" transitions Leff(A) = _Ieff(B) so
that the left side of the refocusing condition is unity. Table II gives the critical dimen-
sions entering on the right side of the equation. They are chosen to satisfy the
refocusing condition.
There are two methods by which the transitions (F = 9/2, mF = -7/2)--(9/2, -5/2)
and (7/2, -7/2)---(7/2, -5/2), which are of particular interest here, can be observed.
1. Zero-moment flop-out
The energy levels of K4 0 , for which mF = -1/2, -3/2, -5/2 and -7/2, pass through
minima and maxima as shown in Fig. 2. The minima are associated with F = 9/2 levels,
and the F = 7/2 levels pass through maxima. The fields for which these extreme values
occur are known as zero-moment fields (Xo) and can readily be calculated by differen-
40 39*tiating the Breit-Rabi formula. Table I lists the zero-moment fields for K and K
Clearly the effective moment of an atom in the (F, -7/2) state in a field x = 7/9 will be
zero. If the A and B magnets are adjusted to supply just this field, then the K 4 0 atoms
in the mF = -7/2 states will not be deflected by the A and B fields, but will travel
in a straight line from the source to the detector. All other states have finite effective
moments at x = 7/9 and if narrow enough slits are used, will not reach the detector.
*Note that the definition of the nondimensional parameter x includes Av, g and gI and
is therefore a different unit of field for different atoms.
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Table I
K4 0 K3 9
mF xo m F xO
-1/2 1/9 0 0
-3/2 3/9 -1 1/2
-5/2 5/9
-7/2 7/9
If an atom suffers a transition from the mF = -7/2 level to the m F = -5/2 level in the
C region, it will no longer have a zero effective moment in the B field. It will con-
sequently be deflected by the B field and miss the detector, making the transition
observable through a decrease of beam intensity when the frequency of the perturbing
field is that of the line frequency.
2. Low field flop-in
The same transition can be observed in the following manner. The levels
(F, mF = -7/2) and (F, m F = -5/2) have slopes and therefore moments of the same sign
at all fields except for x between the two zero-moment fields 5/9 and 7/9. If the A
and B fields are adjusted to lie in this region, x being 2/3 for example, then transitions
between the two levels will be observed as flop-in transitions if the refocusing condition
discussed above is satisfied.
The K 3 9 transitions (F, 0)---(F, -1) can be made observable in an analogous fashion.
Whether these transitions are observed by method A or by method B the change in
moment is never very big. In order that transitions be easily observable vHA and VHB
should be large and the slits narrow. The gradients are proportional to HA and HB, but
HA and H B must have fixed, rather low, values to satisfy the conditions for zero-
moment flop-out or low field flop-in. The slits cannot be made too narrow since the
beam intensity fQr a rare isotope like K4 0 is not very large to begin with. The long A
and B magnets available for this experiment helped overcome these difficulties.
III. The Apparatus
A. The Vacuum System
The present experiment was performed on the Third Apparatus of the Molecular
Beam Laboratory at M. I. T. This apparatus is approximately 10 feet long and one foot
in diameter. The critical dimensions and other data are given in table II. Figures 6
and 7 show the side view and the oven end of the apparatus, respectively.
The main part of the vacuum system consists of two brass castings joined in the
-9-
Fig. 6
The apparatus.
Fig. 7
The apparatus.
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middle of the apparatus and provided with a large number of portholes approximately
8 inches in diameter along both its sides. The top surface of these castings is scraped
flat to better than one mil and into it are milled a number of rectangluar openings
(6 inches by 8 inches). When the apparatus is in use these openings are covered by
brass plates, ground flat, which support most of the component parts such as magnets,
beam flag, slits, and oven which are inside the vacuum system. The edges of these
brass plates are usually sealed with Apiezon "Q" wax and Celvacene. This arrangement
allows all components that have to do with the production, deflection, collimation, and
detection of the beam to be moved under vacuum and greatly simplifies the problem of
the alignment of these parts. The portholes mentioned above are sealed by means of
"O" rings and glass plates which are clamped against the apparatus.
The apparatus is divided into three chambers: the source chamber, the separation
chamber, and the main chamber. They communicate with each other through adjustable
slits mounted in the partition plates separating them. The beam passes through these
slits, but it is not as a rule defined by them. Each chamber has its own pump or pumps.
The purpose of this arrangement is the following. The vacuum in the source chamber
is the poorest in the whole system due to the high temperature of the oven in it. In
order to preserve the high vacuum necessary to prevent scattering of the atoms in the
beam by residual air molecules over the greatest possible beam length, the main
chamber, which contains all the magnets, is isolated from the poor vacuum in the
source chamber by means of a relatively narrow separation chamber. The schematic
drawing of Fig. 8 shows the approximate dimensions of the three chambers and the
pumping system used.
It has been found that with long beams, such as the one used in this experiment, a
TO LEAK TO WELCH TO KINNEY
DETECTOR PUMP PUMP
Fig. 8
Schematic diagram of the apparatus.
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pressure of approximately 4 x 10 - 7 mm of Hg is necessary in the main chamber. The
pressures in separation and source chambers are 6 x 10 7 and 3 x 10 6mm, respec-
tively.
The apparatus is pumped continuously by three 6-inch oil diffusion pumps with
boosters and one 4-inch diffusion pump (see Fig. 6). The fore pressure is provided by
a Welch pump or a Kinney pump, the latter being a high speed forepump which is partic-
ularly useful in roughing down the apparatus after it has been at atmospheric pressure.
All diffusion pumps are provided with clapper valves which allow them to be sealed
off the apparatus proper. Air can therefore be admitted without the necessity of cooling
off the diffusion pumps. A seal can also be effected between the source and separation
chambers by operating a valve from outside the vacuum. This allows the reloading of
the oven without admitting air into any but the source chamber.
The low pressures mentioned above can only be attained by trapping residual water-
vapor, etc. by means of liquid air traps placed all along the apparatus.
B. The Source
The number of atoms effusing out of a narrow-walled enclosure through a small hole
into a surrounding vacuum is
N 0 -1N' = pa sec
s/2 R MT
where
N = Avogadros number
o
R = gas constant
M = molecular weight of effusing gas
T = absolute temperature
p = pressure inside enclosure
a = area of hole or slit.
If a detector of area a' is a distance I from this source, the number of atoms detected
is
NoP aa' -1
N 2 sec
2 rrR MT 1T
For the case of K, assuming an oven temperature of 800°K and oven and detector slits
of the same dimensions used in this experiment (see table II),
N = 2 x 109 atoms/sec.
These atoms are detected by allowing them to strike a hot tungsten filament. The K
atoms leave the filament as ions and the ion current is measured by means of an electro-
meter circuit. The largest beams so measured were 5 x 1011 amp which corresponds
-12-
to an atomic beam of 3 10 8 atoms/sec. The discrepancy between this value and N
above is due probably to an error in the vapor pressure of K assumed, and to ions
lost between the tungsten filament and the electrometer tube.
The abundance of K is approximately 0. 011 percent of ordinary K. The ground
state of K4 0 splits into 18 equally populated hyperfine levels in a magnetic field. In
experiments such as the present one no more than 50 percent of the population of each
level can be expected to flop, and only half of those transitions will be observed due to
marginal focusing conditions. For a beam of the intensity discussed above the number
of atoms which can be expected to flop is
10 4 x x x XN = 400 sec18 2 2
This is the order of magnitude of the observed change in intensity during the observation
of a transition in K4 . It is close to the limit of resolution of our detection techniques
as will be seen in a later section. It is therefore necessary to run the oven at the high
temperature (800°K) considered in the above discussion. This temperature is close to
the boiling point of K and the problem of "Spritz," i. e. unsteady beams due to agitation
of the liquid K in the oven has to be overcome.
The oven used in the present experiment is of the type illustrated in Fig. 9. It is
approximately 2 1/2 inches high and 3/4 of an inch in diameter. After being freshly
loaded with approximately 2 g of K-metal, the oven will give large steady beams for
approximately 60 hours. The oven is supplied with a pair of baffles to counteract any
tendency of the oven to "Spritz." The K in the oven is heated by a tungsten heating coil
near the top of the oven.
Care must be exercised when the source chamber is opened to air for reloading.
The condensed K on the partition plate unites with moist air to form KOH and HI2 , and
violent explosions may result.
C. The Deflecting Magnets
The construction of the A and B magnets is aimed at reducing their stray fields to
a minimum. This is important in order that the strength and homogeneity of the C-field
region not be affected by the stray fields of the A and B magnets. This aim was accom-
plished by enclosing the iron core of each magnet in a single copper current sheet. This
current sheet is water-cooled and provided with slits opposite the magnet pole pieces to
allow the beam to pass between the pole faces.
The gradient of the field is produced by a pair of curved pole faces, one concave,
the other convex (see Fig. 10). The radii of curvature of these two surfaces are those
of two equipotential surfaces of a two wire current system whose conductors are sepa-
rated by a distance of 2 a. It can then be shown (14) that the gradient of the magnetic
field is given by VH/H = 1/a. In the A and B magnets used in this experiment,
a = 0. 632 cm so that vH = 1. 57H gauss cm . The average gap width is 0. 16 cm.
-13-
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Fig. 9 Fig. 10
The potassium oven. The pole faces of the
deflecting magnets.
The A and B magnet windings are connected in series and their current is supplied
by two submarine storage batteries of 2 volts each connected in parallel.
D. The Transition Region
1. General
The theoretical line width of a resonance curve obtained in an atomic beam experi-
ment is determined by the Heisenberg Uncertainty Principle. If At is the time spent by
the atom in the transition region and AE is the uncertainty in the energy of the transition
AE At h.
Let Av be the half width of the line in sec- then
1
A = At
The most probable velocity of the atoms traveling down the apparatus is given by (15)
2kTv=S S
4 -1
where the symbols have their usual meaning. For potassium v = 7 x 10 cm sec The
length of the transition region is 20 cm, so that At = 0.3 x 10 3 sec and Av = 3 x 103
-1
sec
This theoretical half width will be realized only if the field prevailing in the transi-
tion region is perfectly homogeneous. If the field dependence of a particular transition
is given by v = v(H) and the inhomogeneity is AH over the length of the transition region,
the half width of a resonance line will not be the theoretical one, but rather
3v
aV = o AH.
Because the precision of an atomic beam experiment is limited by the attainable line
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widths, the C magnet used must be as homogeneous as possible. This condition is not
a very stringent one in the present experiment, for av/aH is small at high fields for the
transitions studied here. Since all our measurements were performed at high fields,
the theoretical half width of 3 kc/sec was readily attained (see Fig. 11).
2. The C magnet
The C magnet was constructed with the idea in mind that it may be used for experi-
ments employing the Ramsey scheme for reducing line widths. This scheme (16) employs
two well-separated transition regions. It requires a long C magnet and one whose field
at opposite ends can be varied slightly by means of auxiliary trimming fields. This
technique was not necessary in this experiment and only a single transition region was
used.
The magnet is made of Armco magnetic iron and is copper-plated to prevent it from
rusting. It is 26 inches long and the cross section of its rectangular core is 26 inches
by 1 1/2 inches. It has a gap of 0. 245 inch. The main windings consist of twelve turns
of 1/2-inch by 1/2-inch copper bars. These copper bars are water-cooled by means of
1/4-inch copper tubing soldered along grooves which are milled along the copper bars.
The magnet has an auxiliary winding of twelve turns of number 12 copper wire and two
trimming fields, one at each end, which are 6 inches long and consist of two turns of
number 14 copper wire each. A photograph of the magnet appears in Fig. 12.
In order to insulate the core from the windings and the turns from each other, all
surfaces were painted with several coats of glyptol which had to be baked repeatedly to
forestall outgassing inside the vacuum. Sheets of mica were inserted wherever possible.
The auxiliary and trimming coils were insulated by glass tubing.
In spite of great care exercised in the machining of the pole pieces the homogeneity
of the C field left much to be desired when the magnet was first assembled. The pole
faces are 1-inch thick and are bolted to the core proper by means of 7 machine studs.
The field in the gap was improved by inserting small strips of iron shim stock between
the core and the pole pieces. The homogeneity of the field was measured by moving a
small flip coil along the beam direction in small steps and observing the current induced
in the flip coil by means of a sensitive galvanometer. A similar technique was used to
improve the field in the vertical direction, the flip coil being raised and lowered at
various points along the magnet. Needless to say this technique is an extremely labo-
rious one, but it finally met with success. The homogeneity attained was such that the
field varied less than 0. 05 percent over the entire length of the magnet.
The current for the main winding is supplied by four U. S. Navy submarine
storage batteries connected in series-parallel. The magnet delivers approximately
30 gauss/amp.
3. The rf field
It has already been mentioned that the half width that can be realized with a 20-cm
-15-
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Fig. 11
Resonance curve of a K4 0
transition at high field.
Fig. 12
The C magnet.
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transition region is 3 kc/sec. The center of such a resonance curve can readily be
measured to 1 kc/sec. Since the accuracy of the frequency measurement is of the same
order of magnitude, little can be gained by increasing the length of the transition region.
The beam passes between two copper conductors which form a U and carry an rf current
in opposite directions. These conductors are 3/4-inch high and 1/16-inch apart and are
made of copper sheets approximately 1/32-inch thick.
The rf field so produced is predominantly in a vertical direction and therefore at
right angles to the C field. This is required for AF = 0, AmF = + 1 transitions. The
rf current enters the rf wires through a coaxial seal matched to the coaxial cable
carrying the rf power from the oscillator.
E. The Ionizer
The K atom has but a single electron in its outer shell which is only loosely bound
to the rest of the atom. Its ionization potential is therefore low and has been measured
to be approximately 4. 5 electron volts. When neutral K atoms hit a heated tungsten
wire they leave as positive ions and can be accelerated from the hot wire towards a slit
which is held at potential negative with respect to the tungsten wire.
The construction of the ionizer is illustrated in Fig. 13. The tungsten ribbon is
heated by a 6-volt storage battery and is at the same positive potential as the stainless
steel plate in which it is mounted. It is held taut by means of a spring. The brass cage
surrounding this plate is insulated from it by lavite insulators and is at ground potential.
It is provided with two slits, one for the incoming atom beam and the other for the
emergent ion beam. The angle between the two beams is 18°. The high voltage used
to accelerate the ions is provided by 25 45-volt batteries connected in series, the applied
voltage being regulated by potentiometers.
F. The Mass Spectrometer
After the atoms in the beam have been ionized, they pass through a mass spectrom-
eter and are separated into isotopes. Due to the small abundance of K4 0 a spectrometer
of high resolution is required in order to keep the background of K 3 9 atoms at the K4 0
position to a minimum. The ion beam from the hot wire is analyzed by first accelerating
it in the manner described in section III E and making it pass between the polefaces of a
60° mass spectrometer magnet.
The magnet is made of Armco magnetic iron and is copperplated to prevent it from
rusting. The gap width is 1/2 inch and the radius of curvature of the polefaces is
6 inches. The windings are water-cooled and consist of 33 turns of 3/16-inch copper
tubing. The field in the gap is approximately 33 gauss/amp. The current is supplied
by four submarine storage batteries connected in series-parallel. The resolution of
This is only true at low fields. For a discussion on what happens at high fields see
appendix I.
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Mass spectrometer curve.
the mass spectrometer is seriously impaired by the presence of any unshielded dielec-
trics which can be " seen " and therefore charged up by the ion beam. Care must be
taken to cover all dielectric material in the neighborhood of the ion beam, such as the
insulation of the magnet windings, with tinfoil which is then grounded.
Figure 14 shows a mass spectrometer curve obtained in the present apparatus. The
applied potential was approximately 900 volts and the current through the magnet
windings was 80 amp, corresponding to a field of 2500 gauss, The enrichment factor,
defined as the intensity of K3 9 beam divided by the residual amount of K3 9 at the K4 0
position is approximately 5 x 104
G. Detection of the Ion Beam
There are two ways of measuring the intensity of the ion beam which will, of course,
be proportional to the atomic beam intensity at the detector. For large beams the ion
beam is allowed to strike a Faraday cage. The cage is connected to the grid of an
FP-54 tube which has a grid resistance to ground of 10 ohms. The plate current
produces a deflection on a sensitive galvanometer. The sensitivity is such that an ion
-16
current of 10 amp gives a deflection of 1 mm on the galvanometer scale. The unstead-
iness of the galvanometer is roughly of the same magnitude. The FP-54 circuit can
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The electron multiplier.
therefore be used in experiments for which flop intensities are greater than 1 x 1015
amp or 30, 000 atoms/sec, if a signal to noise ratio of 50 is used.
It was seen in section III B that the number of K4 0 atoms that can be expected to
undergo transitions is only one percent of this figure.
As a result an electron multiplier had to be used to measure the ion beam intensity.
It consists of 15 copper-beryllium plates with a difference of potential of 200 volts
between successive stages, the voltage being supplied by 10 300-volt batteries connected
in series. In this manner each ion hitting the first stage of the multiplier knocks out a
number of secondary electrons which results in a measurable negative pulse at the last
stage. These pulses are then amplified and counted on a multistage scaler. The
counting rate of the scaler will be proportional to the beam intensity.
Figure 15 shows a photograph of a multiplier. Care must be taken in assembling
such multipliers. The plates are first sandpapered and cleaned with alcohol. They are
then fired in a hydrogen furnace. To be assembled, they are placed between two mica
templates and connected with 10 megohm resistors between successive stages. The
actual assembly should take a minimum amount of time since the multiplier plates
deteriorate on being exposed to air. Once the multiplier is in the vacuum system, it
should be exposed to air as little as possible. Whenever it became necessary to let
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atmospheric pressure into the main chamber, it was done by letting dry nitrogen into
the chamber. The multiplier used in this experiment proved to be almost 100 percent
efficient and had a background counting rate of less than one count/sec, even after 450
hours of operation.
By varying the accelerating voltage of the mass spectrometer, the ion beam corre-
sponding to any particular mass number can be made to pass through either of two slits
placed one fourth of an inch apart at the focus of the mass spectrometer magnet. One
of the slits is in front of the Faraday cage while the other is in front of the first multi-
plier plate. This allows the efficiency of the multiplier to be measured with great ease.
In practice resonances were usually found by detecting a change in the counting rate
of the scaler as the oscillator frequency passed through resonance. Such changes in
counting rate are very difficult to hear unless the counting rate is steady. Since the
counts corresponding to atoms striking the detector occur at random intervals, a large
beam is desirable so that a higher scale of the counter can be used with an accompanying
more regular counting rate. It was found that two counts/sec on the scale of 6 which
corresponds to 256 atoms/sec is the lowest counting rate which could be used conven-
iently. A 10 percent change in this counting rate is barely discernible. The magnitude
of flop encountered during most of the runs corresponded to changes of from 20 percent
to 40 percent in beam intensity.
H. Alignment
The alignment of the various components in an experiment where the refocusing of
the beam depends on very small changes of eff (approximately 0. 2 Bohr magnetons)
is quite critical. The method described below was found to give satisfactory and repro-
ducible results.
All magnets (except the C magnet) and defining slits are mounted on movable brass
plates as has been described in section III A. By measuring with a micrometer the
distance of each plate from an accurately straight fiducial plane milled along the side of
the apparatus, the position of each component can be determined. The requirements
for a proper alignment are the following:
1. The source, collimator slit, and detector slit must be in a straight line, and the
undeflected beam must follow it.
2. The position of the beam relative to the curved polefaces in the A and B magnets
must be the same. It can be shown that the smallest field inhomogeneity over the beam
height in the A and B fields occurs at a distance of 1/3 of the gap width from the convex
poleface. This was the position of the beam in this experiment.
3. The beam must pass centrally through the C field and rf field.
The third condition is not critical since the C magnet and rf field gaps are wide
compared to the other defining slits. An optical alignment, using a transit, will ensure
that 3 is fulfilled.
A beam of K is now produced and the ionizer is positioned so that the emergent ion
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beam, detected by the FP-54, is of maximum intensity and gives optimum mass spectro-
meter resolution. The ionizer position must not be changed after this is done. The oven
is now centered approximately by moving it from left to right and noting where the beam
is cut off by the front polefaces of the A magnet. The collimator slit is now narrowed
down by rotating it* and is made to traverse the beam. The beam intensity for each
position is recorded, and the collimator slit is finally left at the point of maximum
intensity. If a second collimator is available*, the procedure is repeated for it. The
collimators should be as narrow as possible. A beam of 2 mil width was used here.
Each end of the A magnet is now made to traverse the narrow beam while the other
end is held fixed. The positions where each poleface cuts the beam are noted, and the
final position decided upon accordingly. The procedure for the B magnet is similar.
Once the apparatus has been lined up in this manner nothing is moved except the
oven which, of course, may change its position slightly after each loading. The correct
oven position is readily found again by maximizing the beam with the collimators defining
the narrowed-down beam.
I. The Frequency Source
The doublet separation measured in this experiment is of the order of 4 Mc/sec. In
order that this splitting may be measured to the necessary precision, the radio frequency
used in inducing the transition must be measurable and stable to at least 1 kc/sec.
The transitions studied in the course of the experiment are in the neighborhood of
115 Mc/sec, 150 Mc/sec and 190 Mc/sec. They were produced by mixing an accurately
known, high fixed frequency (120 Mc/sec, 150 Mc/sec, 180 Mc/sec) with a small
variable frequency.
The fixed frequency is obtained by multiplying up the signal produced by a 5 Mc/sec
crystal (see Fig. 12). This 5 Mc/sec signal is kept to within one cps of the 5 Mc/sec
signal transmitted by WWV. The accuracy of the 150 Mc/sec signal, for instance,
is therefore 30 cps or 2 parts in 107
The variable frequency is produced by a General Radio 805C Signal Generator. It
is measured by means of a General Radio 620A Wave Meter. The accuracy of this meter
is 1 kc/sec in the range of 10-20 Mc/sec and the variable frequency can therefore be
measured to less than 1 kc/sec if, as was usually the case, one of its harmonics is
measured. For the measurement of variable frequencies of less than 1 Mc/sec, a
General Radio Type 724 frequency meter was used.
The accuracy of the mixed signal is therefore determined by the accuracy of the
*To make a collimator slit, a 50-mil slit was milled into 1/8-inch brass stock. The
slit was made accurately vertical; by rotation about the slit axis, any desired effective
width could be obtained.
In this experiment two auxiliary collimators were used for alignment and flop-out
experiments. Their positions are shown in Fig. 8.
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TABLE II
List of Critical Dimensions
Slit Widths
Oven slit .................................... 6 mils
Ionizer atom slit . ..... ...... ......................10 mils
Ionizer ion slit . ............................... ... 8 mils
Multiplier slit . ...... ............................ 15 mils
Faraday cage slit ................................ 15 mils
Collimator slit is adjustable; usually ............................ 7 mils
Beam height . ................................... 3............3/8 inch
A Magnet
Length....... .......................... 25
"a . ....................................... 2484
Maximum gap width . .......................... 0. 066
Average gap width . ........................... 0. 062
inches
inch
inch
inch
Position of beam measured from convex poleface . ............. 0. 020 inch -1
Field-current ratio ............................... 7 gauss amp
B Magnet
Identical to A magnet except:
Length . ................................. ....... 26 inches
C Magnet
Length . ................................ 26
Gap width .................................... 0. 245
Field-current ratio .............................. 30
inches
inch -1
gauss amp
Ionizer
Cross section of tungsten ribbon ............... 10 x 2 mils
Angle between atom and ion beams ............. 180
Mass Spectrometer Magnet
Radius of curvature ............................... 6
Gap width .... .............. ............... 0. 500
Field-current ratio .............................. 33
inches
inch -1
gauss amp
Position of Components
Distance
Distance
Distance
Distance
Distance
Distance
between oven and detector ...............
between oven and collimator .......... 39
between oven and A magnet ............ 8
between A magnet and C magnet ...... 1
between C magnet and B magnet........
between B magnet and detector ....... 22
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110 inches
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1/4 inches
.. 1 inch
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The mixer.
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Block diagram of the frequency source.
tunable frequency. When the latter is known to 1 kc/sec, the mixed signal will be
known to one part in 150, 000.
The mixers employed in the three frequency ranges are of similar construction. By
tuning the output, the mixers can be used to deliver the sum or difference frequencies
as needed. Figure 16 shows the circuit used in the mixers.
Figure 17 shows a block diagram of the frequency source.
IV. Experimental Procedure and Results
A. General
Three physical quantities were measured in the course of the experiment. The
measurement of primary interest from the point of view of nuclear structure is the ratio
of the nuclear gyromagnetic ratios of K4 0 and K3 9 . It will appear later how this quantity
can be used to obtain information about the structure of the K40 nucleus. Secondly, the
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nuclear moment of K 4 0 was measured independently of the ratio mentioned above.
Combining these two measurements, one can calculate the moment of K3 9 which has
recently been measured by an rf nuclear absorption method (17). Finally, it was possible
to remeasure Av for K4 0 and improve the accuracy to which it was known heretofore.
These measurements will be discussed in some detail now.
B. The Ratio gI(K40)/g(K 3 9 )
It was shown in section II-C that the transitions (F = 9/2, mF = -7/2)---(9/2, -5/2)
and (7/2, -7/2)--(7/2, -5/2) in K40 differ by 2gI(40)Bo H. Similarly the transitions
(2, -1)--(2, 0) and (1, -1)---(1, 0) in K3 9 differ by 2gI(39)±o H. If all four of these
transitions can be measured at the same field H, the ratio g(40)/gI(39) can be calculated
immediately.
The accuracy of the experiment will be improved if it is performed at high fields,
since the doublet separations, being proportional to the field, will then be known to
greater precision. It is difficult, however, to keep H constant for a long enough period
of time to allow the observation and measurement of all four transitions. The following
procedure of taking data was therefore adopted.
The two K4 0 transitions were measured repeatedly and alternately while the C
magnet was allowed to drift. The time at which each observation was made was recorded.
The mass spectrometer was then retuned and the two K3 9 transitions were measured,
the time of each measurement being noted. The K4 0 transitions were then remeasured,
this procedure being repeated several times.
In analyzing the data all four frequencies were plotted with the same time axis.
Straight lines were drawn through the points belonging to the same transition. The points
were always less than one kc/sec from the best straight lines. This shows that the C
magnet drifted very nearly linearly over the period of one run (see Fig. 18). The fre-
quency of each of the four transitions at any particular time could then be read from
these graphs. The consistency of the value for gI(K40)/gI(K 3 9 ) calculated for different
times provides a valuable internal check of the data.
The K3 9 transitions were observed by means of the FP-54 circuit. The electron
multiplier was used to detect the K 4 0 transitions.
The K3 9 transitions were observed in zero-moment flop-out and the K4 0 transitions
in low field flop-in. The A and B fields were 80 gauss for the K 3 9 runs and 300 gauss
for K runs. To ensure that the stray A and B field did not affect the field in the C
region sufficiently to cause serious errors, a strongly field dependent transition
(2, -2)---(2, -1) in K 3 9] was studied as a function of A and B field. It was found that
the error introduced in v u and vL by the changed deflecting fields required for the
39 40
observation of the K3 9 and K lines was only 0. 1 kc/sec.
The observations were made at approximately 9000 gauss. The resonance lines were
approximately 3 kc/sec wide, and the peaks were readily found to within one kc/sec.
Due to their sharpness, these resonance 'ines are hard to find unless the C field is
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TIME IN 5 MINUTE UNITS
Fig. 18
Observed values for v U and vL in K4 0 C field drifting.
known approximately. The C current is not always a good indication of the C field due
to residual magnetism of the iron core, but a flip coil, which could be moved in and out
of the magnet gap in vacuum by remote control, proved very useful and could be relied
upon to within one percent. All four transitions were definitely identified by comparing
their field dependence with the theoretical curves (see Figs. 3 and 4) between 100 and
9000 gauss.
The results of three runs appear in table III. The average value of g(K40)/gI(K3 9 )
obtained from these data is 1.24350 + 0. 00024. The A and B fields were different for
the observation of the splittings in K4 0 and K 3 9 . The above result must therefore be
corrected for the difference in the stray fields of the A and B magnets prevailing in the
transition region. The effect of the A and B field on the field in the transition region
was measured to be 0. 0081 gauss/amp of A and B current (IAB). IAB was 52 amp for
the K40 runs and 12 amp for the K 39 runs, and the stray A and B fields were in the
same direction as the C field, which was approximately 9000 gauss. The value of
gI(K4 0 )/gI(K3 9 ) is therefore too large by a factor of
0. 0081 x 401+ = 1.00003.9000
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Applying this small correction, we have
gI(K40 )g 39 -1.24346 + 0. 00024
g1(K )
where the error is the average deviation of all measurements.
C. The Measurement of I(K4 0 )
If the frequencies of the two components of the K4 0 doublet are measured accurately
and the field H is known, I(K 4 0 ) can be calculated directly. The most convenient
method of determining the field is to find the mean frequency of the doublet and to solve
the Breit-Rabi formula for x (see section II C). This method will be successful only as
long as the mean frequency is sufficiently field dependent. By differentiating v with
respect to x, it can readily be ascertained that this is the case at the fields used here.
Values for I at different values of the field were obtained in this manner. At each
field the C field was allowed to drift for a period of several hours while the doublet
frequencies were measured alternately. Figure 18 shows a portion of the data obtained
during one of the runs. The points marked 1, 2, and 3 show the instants for which values
of I(K 4 0 ) were calculated. The values for the moment obtained in this manner in the
course of one run were averaged to give one of the values of LI quoted in table IV.
The weight assigned to each run depends on the magnitude of x as well as the number
of individual measurements obtained during the run.
TABLE IV
Run x I(K 40 ) nm Weight
1 10.6 -1.2971 2
2 13.8 -1. 2964 3
3 18.5 -1. 2970 3
4 19.1 -1.2965 3
5 19.3 -1. 2957 4
6 19.2 -1.2962 5
The weighted average value for pI(K4 0 ) is -1. 2964 + 0. 0004 nm where the quoted
error is the average deviation of the 5 runs.
From this, gI(K) = 0. 32410 + 0. 00010, Collins (17) has measured gI(K3 9 ) and
reports it to be -0. 26070 + 0. 00005 using these two values
gi(K40 )
= -1. 2432 + 0. 0004
gi(K3 9 )
-27
which agrees with the measurement of the previous section.
The diamagnetic correction to be applied to K is +0. 13 percent (18). If it is included
11I(K 4 0 ) becomes -1. 2982 nm.
D. The Measurement of Av(K 4 0 )
While the measurement of gI(K 40)/gI(K 3 9 ) is an absolute one, the value of LpI(K 40),
which is obtained by use of the Breit-Rabi formula depends on gJ and Av. By differen-
tiating the Breit-Rabi formula, it can be shown readily that the error in pI due to an
uncertainty in Av is
- 0. 283 A(Av) nm
A 1I (V) nm
where A(Av) is the error in Av in Mc/sec. The best determination of Av(K 4 0 ) to date,
that of Davis, Nagle, and Zacharias (9), had an error of 0. 050 Mc/sec assigned to it.
The resultant uncertainty in pI is therefore 0. 001 nm. Since this error is greater than
the experimental error introduced by the measurement of the two transition frequencies
a redetermination of Av(K 4 0 ) seemed desirable.
An inspection of Fig. 3 shows that both components of the doublet (F, -7/2)--(F, -5/2)
pass through a maximum at a field of approximately x = 1. 5. By observing both of these
transitions in the neighborhood of this field, the maximum of the mean frequency vmax
can be measured. max is approximately 193 Mc/sec. Now
max
Av [(1 10 x + x2)1/2 (1 14 x + x)1/Z
By differentiating, the x corresponding to vmax is found to be x = 1. 466037. Av can
max o
now be calculated from a knowledge of v
max
Note that the fractional accuracy of av is the same as that of v . ax could bemax max
measured to an accuracy of 1 kc/sec or about one part in 193, 000. Av is approximately
1285 Mc/sec and could therefore be measured to an accuracy of 7 kc/sec.
Table V shows the results of two runs of the type described above as well as the
results of previous measurements.
TABLE V
Av(K 40 )
J. R. Zacharias (8) 1285. 7 + 0. 1 Mc/sec
Davis et al (9) 1285. 73 + 0. 05
Present Run No. 1 1285. 786 + 0. 01
Work Run No. 2 1285. 794 + 0.01
Average 1285. 790 + 0. 007
It is seen that the new value for Av(K 4 0 ) overlaps the older results slightly.
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E. Calculation of I1 (K 3 9 )
By combining our experimental results for g(K40)/gI(K3 9 ) and ,I(K40), a value for
~I(K3 9 ) can be calculated. We obtain
,I(K 3 9 ) = 0. 39097 + 0. 00015 nm.
Collins (17) observed a nuclear magnetic resonance for K3 9 , by using as a sample a
saturated aqueous solution of KNO 2. His result is
~t(K3 9 )
= 0. 13999 + 0. 00002.
FI(H 1 )
Using Gardner and Purcell's value (19) for the proton moment, one obtains
pI(K 3 9 ) = 0. 391048 + 0. 000070 nm.
Our value is seen to be in agreement with this result. Since Collins made no allowance
for possible chemical shifts, we can conclude that the chemical corrections are smaller
than the experimental errors. The diamagnetic correction was not included in this dis-
cussion.
F. The HFS Anomaly of K3 9 and K40
The hfs anomaly of a pair of isotopes arises from the finite size of the nuclei and
from the difference between the distributions of the nucleon spins and currents which
give rise to nuclear magnetic moments. If the nuclear moment is treated as a point
dipole, the magnetic hyperfine splitting of an atom whose ground state is S1/2 is, in the
absence of an applied magnetic field, given by the Fermi-Segre formula* as
8TrZI + 1 m 2
hAYpt 8 3 I "Ieo M Iqj (0) 
For a nucleus of finite size the factor I Ip(0) must be averaged over the volume
of the nucleus, so that the actual hfs splitting, AVobs, is 'affected by the size of the
nucleus and by the manner in which the magnetic moment is distributed throughout the
nucleus. We define the quantity E, which is a measure of the deviation of nuclear moment
from a point dipole, by
Avob s +LI(r ) +
Apt rI 1(o)12
where the average is taken over the nuclear volume.
See Introduction.
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For the K isotopes K3 9 and K4 0 we have
AVobs(K ) 1 + E(K3 9 ) gI( K ) 2I(K 3 9 ) + 1
U 40 40 4
AVobs(K 4 0 ) 1 + E(K4 0 ) g(K4 0 ) 2I(K ) + 1
g1 (K3 9 ) 4(1+) g(K40 9
g K
where
= E(K3 9 )- (K 40).
Av(K 39 ) was measured by Kusch (10) who gives its value as 461. 723 + 0. 010 Mc/sec.
Av(K 4 0 ) and g(K40)/gI(K3 9 ) were measured in the present experiment. We can there-
fore calculate an experimental value of A and find A = (0. 466 + 0. 019) percent.
V. Theory*
The value of the quantity pi(r)1,(r) 2 and therefore of e will depend on the relative
contributions to the nuclear moment of the intrinsic moments of one or more nucleons
and the orbital motion of the nucleons. The former will cause a greater hfs anomaly than
the latter since the moment arising from a current is strongly concentrated at the center
of the nucleus. By a direct computation of the above average, in which a spherically
symmetrical distribution of moments and currents was assumed, Bohr and Weisskopf (4)
obtained
4 R2
R2E = - 4 (a s + 0. 62aL) b(Z, Ro) R2
where a s and aL are the fractions of the total nuclear magnetic moment due to spin and
orbital motion, respectively,
gs g gLa 
s g gs -gL
aL = 1 -a s .
Ro is the nuclear radius and b(Z, R ) is a parameter tabulated in reference 4 (b = 0. 19
percent for the K isotopes). E can then be calculated and will be sensitive to some
extent to a s and aL, i. e. to the nuclear model used. The difference of two values of E
corresponding to 2 isotopes of the same element can then be compared to the experi-
mentally observed A.
A more detailed discussion is contained in a paper by J. T. Eisinger, B. Bederson and
B. T. Feld: Phys. Rev. 86, 73, 1952
A. Bohr (5, 20) has extended the theory outlined above by proposing a nuclear model in
which the individual nucleus move in an average field which deviates from the spherical
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Calculations of this type have been made by Bohr and Weisskopf for the isotopic pairs
85, 87 3 9 41Rb85 and K39 41. Satisfactory agreement with experiment was obtained in both
cases, when an independent particle model was used and when the moment of the unpaired
proton in the nucleus was that of a free proton. The orbital assignment of the odd proton
was that postulated by the Mayer scheme for the corresponding nucleus, the unpaired
proton being the only nucleon contributing to the magnetic moment of the nucleus.
The application of the Bohr-Weisskopf theory to odd-odd nuclei, where the contri-
bution of an unpaired neutron as well as that of an unpaired proton must be considered,
requires an assumption regarding the mechanism of coupling between the neutron and
proton spins and their orbital angular momenta.
The K4 0 nucleus contain 21 neutrons and 19 protons, so that while the protons fall
one short of filling a shell, the number of neutrons exceeds the magic number 20 by one.
As a result, the orbital assignment of the (missing) proton and the unpaired neutron are
quite definite. Only a d3/ 2 proton and an f7/2 neutron can in fact yield a negative
40magnetic moment of the right order of magnitude for K . Using the above assignments
and different nuclear models (described in detail in the paper of Eisinger, Bederson,
and Feld), values of E(K4 0 ) ranging from -0. 25 to -0. 28 percent were calculated. Com-
bining these values of E(K4 0 ) with corresponding values for E(K 3 9 ) yields values of A
ranging from 0. 43 to 0. 61 percent. The best agreement with our experimental value of
A = 0. 466 percent comes from a model proposed by A. Bohr (21). In this model the K4 0
nucleus is deformed into an oblate shape (negative quadrupole moment) under the influ-
ence of the f7/ 2 neutron. The missing d3/2 proton will then prefer to go into a state of
m = 1/2 with respect to the nuclear axis, leading to I = 4. The resulting g-factor turns
out to be g = -0. 28, in comparatively good agreement with the measured value of
g = -0. 32.
The major conclusion of the present experiment is that the observed hfs anomaly
gives added support to nuclear models based on the independent particle model with
spin-orbit coupling. The problem of the nature of the coupling between the unpaired
proton and neutron is, however, not particularly elucidated by the present experiment
since the calculated values of E do not depend critically on the coupling scheme assumed.
It is hoped that measurements on other odd-odd nuclei will shed more light on this
question.
symmetry assumed by Bohr and Weisskopf. His modified expression for includes a
parameter which is a measure of the asymmetry of the nucleus.
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